INTRODUCTION
Neoseiulus womersleyi Schicha is one of the most important predators of spider mites in Japan. Various characteristics have been studied in this species (e.g. Hamamura, 1986; Kishimoto and Takafuji, 1997; Maeda et al., 2001; Mochizuki, 2003; Saitô and Mori, 1981; Toyoshima and Hinomoto, 2003; Tsunoda, 1994) . However, because there is a lack of genetic markers, genetic diversity within and among populations has not been well elucidated.
Microsatellites, short stretches of tandem-repeated 1-to 5-nucleotide sequences, are ubiquitously present in eukaryotic genomes and are highly polymorphic (Goldstein and Schlötterer, 1999) . Their high polymorphism makes them suitable markers for studying intra-specific variation. Recently, microsatellite markers have been used in various invertebrates as well as vertebrates (Estoup and Angers, 1998; Schlötterer and Pemberton, 1998) . However, there are few species of mites for which microsatellite loci have been isolated (Navajas and Fenton, 2000; Nishimura et al., 2003) . Navajas et al. (1998) investigated the presence of microsatellite sequences in the genome of Amblyseius fallacies (Garman), which had the weakest sequence content in its genome.
In this study, to develop markers for elucidation of genetic diversity in N. womersleyi populations, we isolated microsatellite of N. womersleyi from microsatellite-rich libraries, and then examined genetic diversity in three populations.
MATERIALS AND METHODS

Mites
The mite populations used are shown in Table 1 . Populations IM and NS had been maintained in the laboratory at 19°C under a 16L8D photoperiod with Tetranychus urticae ケナガカブリダニのマイクロサテライトマーカーの単離 日本 典秀 *・前田 太郎（農業生物資源研究所，〒 305-8634 茨城県つくば市大わし 1-2） *Corresponding author: e-mail: hinomoto@affrc.go.jp; phone: +81-29-838-6077; fax: +81-29-838-6028 Koch as prey. Mites of population FM were put into 0.5-mL tubes just after collection in the wild and were preserved at −80°C until DNA analysis.
Isolation of microsatellite markers
A single female of population NS was used to isolate the microsatellite markers. Microsatellite regions of genomic DNA were isolated by modifying the methods described in Bloor et al. (2001) , Glenn et al. (2000) , Kijas et al. (1994), and Schlötterer (1998) . Total genomic DNA was isolated by using GenomicPrep Cells and Tissue DNA Isolation Kit (Amersham Biosciences), and then digested by one of the following pairs of restriction enzymes: EcoICR I and Nhe I, Dra I and Nhe I, Hinf I and Nhe I, or Msp I and Nhe I. After both ends of the DNA fragments had been blunted with KOD DNA polymerase (Toyobo), they were ligated to SNX linker (Hamilton et al., 1999) . The ligation were then amplified using SNX-F primer (5'-CTAAGGCCTTGCTAGCAGAAGC-3') according reaction mixture consisted of 15 µL of DNA solution, 1 µL SNX linker (100 pmol/µL), 1 µL restriction enzyme Xmn I (10 units/µL), and 17 µL Ligation High (Toyobo). The fragments were amplified again according to the following PCR cycling profile: 94°C for 3 min; 35 cycles of 94°C for 1 min, 55°C for 1 min, and 72°C for 2 min; and a final 10 min at 72°C for laststrand elongation.
After purification using a MinElute PCR purification kit (Qiagen), the PCR fragments were hybridized with two biotin-labeled probes, AC16-biotin (5'-[AC] 16 -biotin-3') and TC16-biotin (5'-[TC] 16 -biotin-3'), and selected using streptavidin-coated beads (Streptavidin MagneSphere Paramagnetic Particles; Promega). Each 100 µL of hybridization solution, consisting of 70 µL of 6×SSC-0.1%SDS, 2 µL of each of the probes (100 pmol/µL), and 25 µL of PCR products, was incubated at 95°C for 5 min and then cooled to room temperature. The streptavidin-coated beads and the hybridization solution were added to 350 µL TBT (100 mM Tris pH 7.4, and 0.1% Tween 20), and the mixed solution was incubated at 50°C for 30 min with gentle shaking. After centrifugation at 15,000×g for 1 min, the supernatant was removed, and the beads were washed with 400 µL of TBST (100 mM Tris pH 7.4, 150 mM NaCl, and 0.1% Tween 20) three times and with 0.2×SSC three times. Each washing procedure involved mixing briefly, centrifugation at 15,000×g for 1 min, and then removal of the supernatant. Finally, the beads were stirred into 100 µL of TLE (10 mM Tris-HCl pH 8.0, and 0.1 mM EDTA), mixed briefly, incubated at 95°C for 5 min, and then centrifuged at 15,000×g for 1 min. The supernatant was then moved into a new tube, and used for further procedures.
The selected fragments were amplified using the SNX-F primer again, with the PCR profile described above, and cloned using the pGEM-T Vector Systems (Promega). After sequencing of ten clones for each of four libralies (ABI Prism 3100 genetic analyzer; Applied Biosystems), three to six primers for each locus for amplification of microsatellite were designed using PRIMER3 software (Rozen and Skaletsky, 1998) . After tests of amplification for each combination, we determined primer sets suitable for fragment analysis. Fragment analysis PCR was performed using a Multiplex PCR Kit (Qiagen) in a 10-µL total volume containing 0.5 µL of mite DNA solution, 5 µL of 2×Multiplex Master Mix, 0.20 µM of primers for loci A and B, and 0.06 µM of primers for locus C, where loci A, B, and C were labeled with fluorescent dyes (Beckman Dyes D2, D3, and D4; Proligo), respectively. Amplification was performed with the following cycling profile: 95°C for 15 min, followed by 30 cycles of 94°C for 30 s, 55°C for 90 s, and 72°C for 60 s. An additional 30 min at 60°C was allowed for last-strand elongation. With 0.5 µL of CEQ DNA Size Standard 600, 2 µL of resultant DNAs were used directly for fragment analysis with a CEQ8000 genetic analyzer (Beckman Coulter). The data obtained were statistically analyzed; the number of alleles, allelic richness (El Mousadik and Petit, 1996) , expected and observed heterozygosities (gene diversity; Nei, 1973) , inbreeding coefficient (F IS ; Weir and Cockerham, 1984) , and genotypic disequilibrium were calculated by Genepop (version 3.4; Raymond and Rousset, 1995) and FSTAT (version 2.9.3; Goudet, 1995) .
RESULTS AND DISCUSSION
Of the 40 clones sequenced, 31 clones showed microsatellite sequences and 24 clones were unique. Sequence analysis revealed 13 unique clones that were preferable for designing primers. We synthesized primers for three loci (NwMS3c01, NwMS3c07, and NwMS3c29; Table 2 ) and confirmed amplification in three populations. The sequence data for each locus will appear in the DNA databases under the accession numbers AB210287 to AB210289. The range of amplified fragments and core repeat sequence for each locus were also shown in Table 2 .
The number of alleles, allelic richness and heterozygosities per locus and population were shown in Table 3 . Allelic richness and observed heterozygosities were the largest in population FM for all loci. In population NS, only one allele was found on the locus NwMS3c01. The inbreeding coefficients (F IS ), which show deviation from Hardy-Weinberg equilibrium, were significantly larger than zero in all loci in populations IM and NS. Although the excess of F IS often caused by the presence of null alleles, it may be due to Wahlund effect because these populations have been maintained on small leaf disks and we obtained fragments from all samples analyzed.
Genotypic disequilibrium between each pair of loci is shown in Table 4 . NwMS3c01 and NwMS3c07 inherited independently, while NwMS3c01 and NwMS3c29 are closely linked. NwMS3c07 and NwMS3c29 are closely linked in population FM but not in IM. To obtain reliable results, crossing experiments must be conducted.
We showed the procedure used in this study is effective for development of microsatellite markers, and markers obtained can be used to elucidate genetic diversity in N. womersleyi populations. For practical studies, more loci should be developed. 
